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NUMERICALLY EFFICIENT ALGORITHM FOR MODEL DEVELOPMENT
OF HIGH-ORDER SYSTEMS

By
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ABSTRACT

Frequency domain parameter identification techniques provide a straightforward
approach to transfer function estimation. However, for high-order systems, numerical
difficulties may be encountered during the estimation process. Inaccuracies may result
because of the large variation of the transfer function polynomial coefficients for high-
order systems. The lack of numerical precision to represent this variation may cause
the estimation process to break down.

This paper presents a technique for estimating transfer functions in partial fraction
expansion form from frequency response data for a high-order system. The problem
formulation avoids many of the numerical difficulties associated with high-order
polynomials and has the advantage of having the option to fix the damping and
frequency of a mode, if known, during the estimation process. The resulting transfer
function(s) may be converted to Jordan-Form time domain equations directly.

During the implementation of this technique, a frequency and amplitude normalizing
window was developed that maximized the efliciency of the optimization algorithm.
The combination of estimating the transfer function in factored form, the ability to fix
previously determined parameters and the effectiveness of the normalizing window led
to a progressive approach to synthesizing transfer functions from frequency response
data for high-order systems.
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Frequency domain parameter identification techniques provide a straightforward
approach to transfer function estimation. However, for high order systems,
numerical difficulties may be encountered during the estimation process.
Inaccuracies may result because of the large variation of the transfer function
polynomial coefficients for high order systems. The lack of numerical precision
to represent this variation may cause the estimation process to break down.

This paper presents a technique for estimating transfer functions in partial
fraction expansion form from frequency response data for a high order system.
The problem formulation avoids many of the numerical difficulties associated
with high order polynomials and has the advantage of having the option
to fix the damping and frequency of a mode, if known, during the estimation
process. The resulting transfer function(s) may be converted to Jordan-Form
time domain equations directly.

During the implementation of this technique, a frequency and amplitude normalizing
window was developed that maximized the efficiency of the optimization algorithm.
The combination of estimating the transfer function in factored form, the
ability to fix previously determined parameters and the effectiveness of
the normalizing window led to a progressive approach to synthesizing transfer
functions from frequency response data for high order systems.
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5th Order example: Polynomial Results

Exact (s+5x1073)  (s+5x10°) (s+5x10"1) (s+5x10%3)
Transfer > 3 3 +4 +8)
Function (s +2x 10795 +1074)(s + 1) (s +1x 107" s + 10
Linear (s +5x1073) (s + 5x 10°1) (s + 4.24 x 101y (s - 7.17 x 10*3)
Results (s2+2x103s +107%) (s +9.98 x 10°1) (s - 7.17 x 16") (s + 1.725 10*)
Cost 2.37 x 10710
Function
1x10° + + + = measured

(72

m

T

Q.

=

<

z

=

o |

o

1x10°¢ 1 %102 1x10° 1% 102 1X10 1X10
FREQ-RAD/SEC

270.0
180.0

$0.0

0.0

OUT/IN PSI-DEG

-80.0

=180.0 Ty T T T T TIITTT TTTIT TTTTI TTTTI CTTIT TTTT TTTTT ,
! ' [ )

1x10 1x102 4

1x10° 1x102 1X10 1x10°8

FREQ-RAD/SEC
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STEPWISE FACTORED FORM TECHNIQUE

Plot Amplitude
& Phase Data

Section Amplitude Plot into J
1st & 4th Order Sections

Vector Elements to 1

> Initialize Parameter

Scale Frequency Data |4

around 1 radian

Scale Amplitude Data
around 1 (abs.)

Identify
Parameters

Parameter = Estimated
Vector Values

Improve
Parameters

Run Nth Order Case
over entire frequency
range using estimated
values as initial
Parameter Vector
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5th Order Example: Factored Form Approach

o
o {
x
@ o
T e
%x
g 7 |
4
S | ~
3'. X,
Qo
X

0

1x10° 1%10 1x102
FREQ-RAD/SEC
1x10°!
1 %1072
1x10°2
.
- _SCALING: .
-2
FREQ = 1 X 10 e R
-1 ot +
AMP =1 X 10 b
K
2
4 <+,
1x10° ",
ty,
*,
ey,
-1 s
1X10 ey
+
*y
|xm'2
1x10°3
1x1072 1x10° 1% 102
SCALING:
FREQ = 1.0 .
-3 1X10
AMP =1 X 10
1x10°.
SCALING:
FREQ = 1 X 10" 1 x 10!
AMP =1 X 10 -5 1x1031x1021x0 " 1x10? 1x10!
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5th Order Example: Factored Form Results

Exact 1.25x103s+6.12x10°°% 1.22x1073 , 9.98x 10°'s + 502 x 10"
Transfer +
Function s2+2x103s+ 1074 s+ 1 s2 +1x 10*4 s + 10+8
Eacmfed 1.25 x 10-35 + 6.12 x 10_6 1.23 x 10_3 N 9.79 x 10_18 + 521 x 10+3

orm +
Results s2+200x103s+1074 s + 1.01 s2+9.95x 10" s + 1.03 x 10*8
Cost 1.90 x 10712
Function

1x10°

+ + + = measured

o
m
<
a.
b3
-4
Z
=
=2
(o]
-4 P )
1X10 1X10° 1x10° 1 X102 1x104 1x108
FREQ-RAD/SEC
180.0
(U]
w
6 s0.04
n
o
£ o0
E 7
=
(@]
-90.0

FREQ-RAD/SEC



16th Order Transfer Function Estimation
Pcg/Vg: Roll Rate Measured at C.G. of Aircraft

VS.

Unit Gust Along Y-Body Axis

+ + + = measured

OUT/IN AMP-ABS

1x10”! 1x10° 1x10! 1x102
FREQ-RAD/SEC

90.0 - M Ty
\A

a9 Y

Q' LY

n

[+

Z -90.0-1

=

- }

o
-180.0 4 'L
-270.0 4

-360.0 MWWWM
1x10°3 1x10°2 1x10°" 1x10° 1x10! 1X10
FREQ-RAD/SEC

649

2

Cost Function: 4.5 x 10~12
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